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Z5 12,2 bis [4-(2-hydroxy-3-methacryloyloxypropoxy)phenylJpropanes 7] T3, triethylene glycol dimetha-
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ABSTRACT : The applications of dental restorative composite resins containing 2,2-bis [4-(2-hydroxy-3-me-
thacryloyloxy propoxy) phenyl] propane as a base resin, and triethylene glycol dimethacrylate, as a diluent, were
often limited in dentistry due to the relatively large amount of volumetric shrinkage that occurs during the curing
reaction. In this study, in order to reduce volumetric shrinkage of the current dental restorative composite resin,
asymmetric spiro orthocarbonates were synthesized and then the characteristics of resin composites containing
them were explored. The volumetric shrinkage of the dental composites containing spiro orthocarbonates was
decreased approximately 45%. However, the curing characteristics and mechanical properties of the new dental
composites were slightly poor than those of the commercially available dental composite.
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321

o] GIEk W Aolg BPABE AEY $54

Aol wls Aol Hi ohf7] A9 2ok dentin

o] 2ARe] o 277F ozl $8 BoRIA ol ofubalze) WAl £ Aol Ytk EF X2

AFEE 7R A AR FEANAE SFAEY 0% BREo) wld A O Bpv) o3y olg] A Zog 9l
ol 7h93 glowl 1 F8% Fobm QIeh Aok s g4 Bolelal Akgelrl Sk g AAelch

& TPARE Ao} 3 ol 71 oz AT clwbhos Aokd ByAEE terAle] F wekel o)
ARE, B4 59 DHE BRA L A%H  eloladeols BB AR EL Sxj9} 2] 2
ST WEFe g A7t AW Yok oF AR FA=C) Dimethacrylate 4] Sj3-E 2.2 bis[4-
=5 Lo Ak ogk Awt Ao P 2 (2-hydroxy-3-methacryloyloxy propoxy) phenyl]propane (Bis-
25 Ao oigk -8, M A, B2, 2ol gMA)Y} T $EAE ARLsl 9ok 19633 Bowenol 2
)

Aol =
Ee
wrke

Aol

sl A9 A 59 9

REL

ZEH,

o] glom, AgjAle]E 4] &) Bis-GMA2] 34 uho] A74% 3P Bis-GMAS 7)

el 2 B2z 455 dovle T4 A= HAle A=) T 429 2, vlm A

A284 M43, 20044, pp 321-327

321



322 Hwang and Chang

7t 59 2AE 3 ook 5] AsE AR B3
A7) sptto] &) AeH=]glet. Bis-GMAE ¥4 27]
o 7t AA IR, 7 SE5E, A3t AR A '
T 53 714 EAL 7R glek 2y st
F Zo} UdHkH o2 3|AA|Q) triethylene glycol dimetha-
crylate (TEGDMA)2} Z3talo] AR&3hch 0 xJolg B

< FiH vt 3 21 3 $HEeE s
g vk 3hs el niE) F FHPL A9 ook,
APHOE o e A2 34, aelm £ 7))
Ao AR B R ol AT 3 F3d
& 29 w2} A9 ) 24 FHE U 5 9
o ABA Gk Asha Fehol wls) FH=E o)
7} A e REY 4 9E Bl Qo) £ Ag=n
S} BakAe A 24 Asllol] Aka 2k
A7} AR AZhg T1Ak s FRA] o] A %
& DY AT Hot N &l Holof Ptk =
I R 45 Ax 5 AAHG J|AF A=E 7Aook 3
TR A=y 22 94 A=E PEE 9=
At A ERAAE 7HACk st ROt =
ofof 3l= 52 40| a7k

A de] AREE e Aok SRS VY
L T AR FFol o FEA} xofe] A
ol P 2Ye] WAs= Aot mA] ZHof &3
359 o 2 A e xofe] 23 942 B 4
A7} &350 A el AR BAE 5}
2 ok A B3] 252 g7k EEE 2
2J3) A= van der Waals distance”} -3}l 2J3) -
2 o= WspaA edek, DA ok T4 2
ol Sfs) 4D me) FxE =Pk glom B A3
A 229 A EA] Brige] B4= 94 el
Zol S B BEoN Tl AW S ¥
o e 71 = ok 8] 725 E3sta ¢
3 7ol 71 DA spiro orthocarbonate
(SOC), spiro orthoester (SOE), bicycloorthoester (BOE), poly-
cyclic ketal lactone (PKL), vinylcyclopropane, cyclic ether, cyclic
acetal 50| LA lEd™B o)5 F soc) M &3
A S5 AR AR dEA YekBP ol we)
Z AFdAE Hoks FFERY) T 58S Ha
3sl7] fgke] oekdt 7329 MRS T WA 9=
AL ¥R SOCE A=k & A& 722 #Y|
% SOCE WhS-E4Q diol®) 725 tf3go 3N Az
g 4 9t Az FF WA 9= G528 Ao}
& FEAR A A 875 A E4 2 5%
S5 1S3 7] diEel olE 71EY 94 WEY
29 E3l A#g EAZ A A2 A A

W e

322 3mA A

A L =3

Polymer (Korea), Vol. 28, No. 4, 2004

Gz MEZHAF A3 Bis-GMAS} TEGDMAE Poly-
sciences Inc. 5B st Al8-slgch FAANRE fumed
silica nanofiller (Degussa Co. OX-50)2} barium silicate micro-
filler (Hansol Chemience, H-MAF)S 82 v] &% &3 3}
ARg3I) A543 FAAS] EHS y-methacryloxypro-
pyltrimethoxysilane (y-MPS)2 2 &3} T2 AxA]H
a5qeR ERE ARt BelAl Aol AHESHE
ok S2Ae] 8L B3 83 S 7)1E0R 70 wi%
= ARSIl ZHAIA A3E $iste 3 HAAIRL cam-
phorquinone (CQ) 0.5 wt%2} F5-7A)Ql ethyl-4-dimethy)-
aminobenzoate (EDMAB) 1 wt%= &3] %o A7}slgic)
& A DA ¥dA soCe FAd AREs)
ok

2 Aol Axd soce] Fxi vokat uhges
lslde}. CDCLE 7= tetramethylsilane (TMS)S X
F A 82 A3 'H-NMR¥} PC-NMR, FT-IR, electron 3
7 o] 23PH-E ©] 83k mass spectrometry (HRMS)S- ©]8-3}
et #HA EY L F3 £588 % 73} o)A §)
Zl ©rekA]e] WX (Anton Paar Co., DMA-500)2} 3% 73}
% YA wEH2e Wx (Mettler Toledo Co., AX205)Z

247 ZAste] THeAE AMgstel AR,

100(Ve, m = Vepp)
Ve, = ’ :
sp Vo {1

ojAlof A MvyE FH TEEE VeI vt vy,
Zk 73t A 7 A As $ Rl e E A v
LA etk £ A1) 2 £=5 AR 14
7] (DSC, TA Instrument, DSC-2010)2] AAE 30 (X]8-X 57|
=6 mmXx2 mm)°l| A|RE Y3 FZAP| (variable inenity
polymerizer, BISCO Co)E4%-¢] 7}A3AS 9dA =53 %
Apste] EA313t). Figure 19 YeRA 212} 7ro] DSC chart
oA AgeFe] W3] A= A7HE] o)) Wt &
U AIZEA S AR T Ao R Aol 53
G7lo} F5 Zol= AE 2 mm Z°] 20 mmE A)z2HE 2
Zo ARE T3k EE9 ofElg) 915 fEle s ¢
2 & F2AP|R 4027 ZAAT oS w43 e
AAsIS L2 A5 FAE FH3te] BEsIA) A
z=5 B3 H7e] JAR BA & 2R QA A=, 5

£2|H, #2849 A4%, 2004



Polymer (Korea), Vol. 28, No. 4, 2004

75 52 uks & A87] (UTM, Intron Co., model 4469,
load cell: 1,00005 2831 ZA3Ich 7+ QA =29
273% 934 A7 8 mm, T 4 mm2) A2 A
32, ADA Specification No. 27. ®el e} 222 3= &
£ 1 mmmin® 2 S 17 e e ARt vl o)
Aele A 35 S35 At 2% A=e A
(25 mm X2 mm <2 mm)2 ISO Specification No. 40492]
Aol weh Agslel Zsseh

3. A% o n%

vty SOC AR, 28 vhe2 Ax F97] 3lollA
2= ). Scheme 19]] ‘/PEHH AE soce] AzE
A F A)e] oz AWt 1 DAle)A eyclic
thiocarbonateZ A X3} o] o] &3l W= 129
SOCE 2HAloNA Alxslich Bh37] WellA] A4-gk +
z9] diol (1), (HZE & schemeo] = 1°]8t x| AT #|
u)Z-s Yebd)#} 4-dimethylaminopyridine (DMAP)E &

f
3
300+
o
= 200
2
Ke]
[r=1
®
[+}]
T 100
0 )
C g 05 1.0 1.5
Reaction time  {Time (sec)

Figure 1. Isothermal DSC thermogram of the resin matrix (Bis-
GMA) at 30 C.
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Scheme 1. Synthetic route for asymmetric spiro orthocarbonates
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Figure 2. FT-IR spectrum of 4-phenyl-1,3,-dioxa-2-cyclopentan-
ethione (2a compound).
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Figure 3. NMR spectra of 4-phenyl-1,3,-dioxa-2-cyclopen-
tanethione (2a compound); (a) 'H-NMR; (b) *C-NMR.
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Figure 4. NMR spectra of spiro[2,4-benzodioxepine-4'-methyl-
ene-3,2"[1,3]dioxolane (5¢ compound); (a) 'H-NMR; (b) "C-NMR.
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Table 3. Curing Characteristics of Various Monomer
resins

density (cm’/g) heatof  volumetric
monomer - oer polymer curing time  reaction  change
(] *0)
TEGDMA  1.0739 1.2239 56 sec 192 -123
Bis-GMA  1.1563 12190 46 sec 141 5.1
SOC (5a)*  1.1988 1.1782 12 hrs - +1.8
SOC (5b)*  1.1827 1.1507 12 hrs - +2.8

SOC(5¢) 12104 L1774  12hrs ; 126

“polymerized during 12 hrs at 100 C.

QO R- R0, 0
ﬁ:(_:XO'R - /\I:oxo




326 Hwang and Chang

AALe] o)F o= 12 shr| delA| Hi (HE A), o
E 3 A qksoll 3l AR FEe] vehdr)
(AE 0. AR ol5or 18 shp}l 49 g o}
A 5 7 ARE 28R FA6l| g AR AL A
4 AR} ool Yeh) k& nEy) mE Q7] & 1R}
Z3to] dojul= 71 o]abAE ]l HkSolH, AR C k2
2 QI3 3 $52 Abdsta Aol wet B H3e
fsl= gcle] ok AE BE AR ¥R HrlZelA
AlolgE] 7IRY|0|ET} AlAEE vkgolth & & Al
A Alzd SoColH TE=E= tlazke] Ry e o
ul2-7ke] AA o] 7115k Ao g AFEc) Table 3914
E s0C 5by7) 71 2 FE WS ol A 2B}
del Hhsol TE SocEel vlsl Ao go] el
W] gl es Alsso

gk E329] 3 A AHE FEA g d=F
A= F2 Bis-GMA/TEGDMA (73)2] E£3E=2 TA= <]
JEf71025 olof) wle} 7] ME FEA Az AHE-E
g7 =4 3= ¢ 545 Bis-GMA/TEGDMA
(73) &35 B3tk Table 49 Yeld 23} 7o)
Bis-GMA/TEGDMA (73) £3+5-2] F3 A7k Bis-GMA
22 TEGDMAE 727 9507 A8-E 73§ Er} 3
Azl 9hg-o] R ALk o= BisGMAY] F3 1hg
o] 2]k TEGDMA ©=FA2] F§ vk £%17} Bis-GMA
G5 AR E3E0] doldl Axef Qg A=
Aas) 23820 23} ¥-9] (excess volume)E AFelo
eFA| ] Eol T3 F3] 5ol vXe JIFe A}
slgich 23 e Vipe = Vp — Vpiideal = Vop ~ = WVspi 2 A
2s=u] A7)olA ve AE i ¥EAE YeRiE w,
= AR 0] FA BEE vepitl gkl 23 Ro)r)
=2 el £l 93] Ay Fu7) Faste S
& el ke s 2gstn A3 ukde) o3| A
=23 #HAel 39 23 o9& ZAu glod T 55
Z7MA)7)E w3k o 7 zZhg-sht) Bis-GMA/TEGDMA ©eF

Table 4. Curing Characteristics of the Monomer
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Table 5. Properties of Various Dental Composite Resins

density (cm’/g) curing  heatof  volumetric

monomer mixture monomer polvmer time reaction  change

OIOMCT POV sec) (i) (%)

Bis-GMA/TEGDMA=7/3 1.1405 12270 31 130 -70
Bis-GMA/TEGDMA/SOC

(52)=523 1.1497 12179 51 121 5.6
Bis-GMA/TEGDMA/SOC

(Sby=5203 L1467 11969 47 12 42
Bis-GMA/TEGDMA/SOC

(50)=523 1.1518 12086 54 116 47

monomer mixture volumetric  depth of DTS FS
X shrinkage (%) cure (mm)  (MPa)’  (MPa)”
Bis-GMA/TEGDMA =7/3 25 552 412 220(E5)
Bis-GMA/TEGDMA/SOC s
(52)=502/3 21 5338 210(E9)
Bis-GMA/TEGDMA/SOC i
(Sby="5/213 14 540 40D 216(%5)
Bis-GMA/TEGDMA/SOC 19 S0 ) WS

(50)= 5123

1) numbers in parenthesis denote error range.
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